A total of 17 Enterobacter-like isolates were obtained from blood during a septicaemia outbreak in a neonatal unit, Tanzania, that could not be assigned based on phenotypic test to any existing Enterobacter species. Eight representative outbreak isolates were investigated in detail. Fermentation characteristics, biochemical assays and fatty acid profiles for taxonomic analysis were determined and supplemented with information derived from whole genome sequences. Phenotypic and morphological tests revealed that these isolates were Gram-stain-negative, rod-shaped, highly motile and facultatively anaerobic. The fatty acid profile was similar to those of the type strains for all recognized Enterobacter species, with quantitative differences in C 17 : 0 , C 18 : 1 v7c and C 17 : 0 cyclo fatty acids. Whole genome sequencing was used to identify taxonomically relevant characteristics, i.e. for 16S rRNA gene sequence analysis, multi-locus sequence analysis (MLSA), in silico DNA-DNA hybridization (is DDH) and average nucleotide identity (ANI). Draft genomes were approximately 4.9 Mb in size with a G+C content of 56.0 mol%. The 16S rRNA gene sequence of these eight isolates showed .97 % similarity to all Enterobacter species, while MLSA clustered them closely with the type strains of Enterobacter xiangfangensis and Enterobacter hormaechei. These eight strains showed less than 70 % is DDH identity with the type strains of Enterobacter species. In addition, less than 95 % ANI to the type strains of Enterobacter species was observed. From these results, it is concluded that these isolates possess sufficient characteristics to differentiate them from all recognized Enterobacter species, and should therefore be considered as representing a novel species. The name Enterobacter bugandensis sp. nov. is proposed with EB-247 T (5DSM 29888 T 5NCCB 100573 T ) as the type strain.
'E. oryziphilus', 'E. oryzendophyticus' and 'E. lignolyticus'. As a result of taxonomic conflicts, 20 species have been transferred from the genus Enterobacter to other genera (Table  S1 ) (Brady et al., 2013; Gu et al., 2014; Oren & Garrity, 2014; Stephan et al., 2014) . Members of the genus Enterobacter have been isolated as environmental organisms, and as plant and human pathogens. These human pathogenic species are frequently isolated from hospital environments and are recognized as opportunistic pathogens (Chen et al., 2014) .
Seventeen Enterobacter-like isolates were obtained from blood during an outbreak of septicaemia that occurred in the neonatal ward of Bugando Medical Centre (Mwanza, Tanzania) between December 2009 and February 2010 (Mshana et al., 2011) . Initial investigation showed that the aetiological agents were Gram-stain-negative, rodshaped isolates that possessed most of the morphological and phenotypic characteristics of the genus Enterobacter, but could not be unambiguously assigned to any currently known species. All isolates harboured a multidrugresistance carrying a plasmid (pEB247) ,300 kb in size (Mshana et al., 2011) . Epidemiological studies using pulsed-field gel electrophoresis revealed that all strains had identical band patterns following restriction enzyme analysis, suggesting a clonal nature (Mshana et al., 2011) . Eight isolates (namely were further investigated in detail to ascertain their taxonomic classification.
Microscopic examination showed that these bacteria were rod-shaped (,0.562-3 mm) and occurred singly. On MacConkey agar, following incubation for 24 h at 37 8C, colonies were circular (1-2 mm in diameter), white, opaque and elevated with regular margin. Basic biochemical characterization of the eight isolates and the type strains of Enterobacter species was achieved using the API 20E kit following the manufacturer's instructions (bioMérieux). Intra-strain variations were further tested using the API-50CH kit (bioMérieux). Motility tests were performed under the light microscope on cells grown for 24 h at 37 8C in nutrient broth. Catalase activity was determined by observing bubble formation after dropping H 2 O 2 on 24 h old biomass on nutrient agar. Oxidase activity was tested by using oxidase reagent (bioMérieux). Antibiotic susceptibility testing was performed using the VITEK 2 compact system with AST N117 cards (bioMérieux). Cumulatively, these eight isolates showed characteristics similar to each other but that could not be used to identify them to any known species of the genus Enterobacter (Table 1) . Details of the biochemical, phenotypic and antibiotic resistance patterns are provided in the species description. For in-depth molecular taxonomy analysis, we performed whole genome sequencing (WGS) of the eight selected isolates. For WGS, the bacterial DNA was isolated from 18 h old cultures using a PureLink Genomic DNA isolation kit (Life Technologies) according to the instructions of the manufacturer. DNA sequencing libraries were prepared using the Nextera XT kit (Illumina) and paired-end sequencing with a read-length of 250 bp was performed using the Illumina MiSeq platform (Illumina). Reads were assembled de novo with the CLC Genomics Workbench. Determination of ORFs and gene annotation were performed using GenDB (Blom et al., 2009) . The draft genomes of these isolates were ,4.9 Mb in size with 56.0 mol% G+C content and harboured ,4435 ORFs. Based on WGS, 16S rRNA gene sequence similarities, multi-locus sequence analysis (MLSA), in silico DNA-DNA hybridization (is DDH) and average nucleotide identity (ANI) were studied. All the draft genomes, 16S rRNA gene sequences and MLSA-related genes have been submitted to publicly available databases and the accession numbers are provided herein.
The 1444 bp 16S rRNA gene segments were extracted from the whole genome sequences and compared with those of the type strains of Enterobacter species and members of other closely associated genera, as suggested previously (Brady et al., 2013) . All reference 16S rRNA gene sequences were downloaded from the Silva reference database (http:// www.arb-silva.de) or the NCBI database (as listed by Brady et al., 2013) and pairwise sequence similarities were calculated via the perfBLAST software (Santiago-Sotelo & Ramirez-Prado, 2012 T and E. cancerogenus LMG 2693 T , respectively. For phylogenetic analysis, the 16S rRNA gene sequences of these eight isolates, the type strains of Enterobacter species and members of other closely related genera were aligned using MUSCLE in MEGA6 (Tamura et al., 2013) . The non-compatible ends were trimmed, and the corresponding 1142 bp 16S rRNA gene sequences were compared. The maximum-likelihood tree clustered the eight new isolates in a single cluster close to E. xiangfangensis, E. asburiae and E. cancerogenus (Fig. 1) . This clustering was confirmed by using different treeing methods such as neighbour-joining, maximum-parsimony and UPGMA. As reported previously, clustering was not supported by high bootstrap values with any of the treeing methods used (Kämpfer et al., 2015) . However, all four methods congruently clustered these eight isolates in a single clade closely associated with E. xiangfangensis, E. asburiae and E. cancerogenus.
MLSA was performed as described by Brady et al. (2013) . The respective sequences of the four genes, RNA polymerase b subunit (rpoB), DNA gyrase (gyrB), translation initiation factor 2 (infB) and ATP synthase b subunit (atpD), were retrieved, and sequences of the type strains of Enterobacter species as well as representative species of closely associated genera were obtained from the NCBI database (Brady et al., 2013) . The 2636 bp of concatenated sequences were aligned by MUSCLE in MEGA6 and a maximum-likelihood tree was generated. The eight neonatal strains clustered together in a single clade with E. xiangfangensis and E. hormaechei as the closest relatives (Fig. 2) . The MLSA phylogeny observed was well supported by high bootstrap values, indicating reliable resolution, and placing these eight isolates along with the type strains of other Enterobacter species but forming a separate unified cluster. Based on concatenated sequences of four MLSA genes, the nucleotide similarity among these eight isolates was 100 %. The closest phylogenetic relatives were the type strains of E. hormaechei and E. xiangfangensis with nucleotide similarity of 96.81 and 96.47 %, respectively.
DNA-DNA hybridization analysis was performed by an in silico method using the genome-to-genome distance calculator (GGDC) with the recommended Formula 2 (Auch et al., 2010) . Unlike in situ DNA-DNA hybridization, results of which may vary between laboratories, is DDH is digitalized and therefore more accurate, error-free, reproducible and consistent across laboratories (Meier-Kolthoff et al., 2013 , 2014 . is DDH analysis of the eight isolates from the neonatal outbreak revealed 100 % genomic similarity to each other, suggesting these isolates represent a single species (Table S2) . Compared with the type strains of the most closely related Enterobacter species, less than 70 % is DDH values were obtained, suggesting these new isolates represent a novel Enterobacter species.
The ANI from WGS determines the relationship between two genomes, and thus between two bacteria. Based on previous data from several bacterial genomes, a 95-96 % ANI cut-off value has been found to differentiate species and therefore considered as a threshold for the discrimination of individual species (Colston et al., 2014; Richter & Rosselló -Mó ra, 2009 ). The WGS-based ANI of these eight isolates to the type strains of the most closely related Enterobacter species was calculated via the JSpecies program package (Richter & Rosselló -Mó ra, 2009 ). The ANI values among these eight isolates were 99.95-99.99 %, and they exhibited ANI values of less than 95 % to the type strains of all Enterobacter species. E. muelleri was the closest relative with an ANI value of 91.4 % (Table S3) . ANI values for the type strains of other Enterobacter species varied between ,79 and 88 %, suggesting their distant relationship to the new strains. 
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'Enterobacter lignolyticus' SCF1 (NA) 72 Fig. 1 . Maximum-likelihood tree based on the 16S rRNA gene sequences of the strains from the neonatal septicaemia outbreak, the type trains of Enterobacter species and members of other closely associated genera. Bootstrap values (only .70 %) are shown at branch nodes. Bar, 0.005 substitutions per site. Other treeing methods such as neighbour-joining, maximum-parsimony and UPGMA also clustered the new strains with E. xiangfangensis, E. asburiae and E. cancerogenus. The tree was rooted with Xenorhabdus nematophila DSM 3370 T .
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Cronobacter ( The total fatty acid profile was determined for all eight isolates using the fatty acid methyl ester assay by following the recommended protocol for the Sherlock Microbial Identification system (MIDI). Fatty acids were extracted from colonies grown after incubation for 24 h at 30 8C on nutrient agar (Gu et al., 2014) . Peaks were compared against the TSBA40 library version 4.10. The total fatty acid profiles obtained were compared with those of the type strains of the most closely related Enterobacter species determined under identical experimental conditions as described previously (Gu et al., 2014; Kämpfer et al., 2015) . A comparison of the fatty acid composition of the strains is given in Table S4 . The eight isolates from the neonatal septicaemia outbreak showed highly similar fatty acid profiles to each other and to the type strains of Enterobacter species, with a majority of C 16 : 0 , C 17 : 0 cyclo and C 18 : 1 v7c fatty acids (Gu et al., 2014; Kämpfer et al., 2015) . Slight quantitative differences in C 17 : 0 , C 18 : 1 v7c and C 17 : 0 cyclo discriminated these new isolates from the type strains of recognized Enterobacter species.
As these eight isolates from the neonatal septicaemia outbreak did not exhibit any intra-strain variation in morphology, biochemical properties, 16S rRNA gene sequence, MLSA sequences, is DDH, ANI or fatty acid profiles, we analysed their genomes for single nucleotide polymorphisms (SNPs). SNPs were determined by mapping raw reads onto that of the relevant strain via the BWA tool (Li, 2012) and BAM files generated were analysed by ReadXplorer (Hilker et al., 2014) software by applying a threshold of minimum base quality of 20 and 90 % SNP frequency with minimum 10-fold coverage for a particular base. Among the eight studied strains, between two and ten SNPs were observed (Table S5) indicating that these isolates are highly clonal, and confirming that they represent a single species.
Based on biochemical assays, fatty acid profiles, MLSA, is DDH and ANI, these isolates represent a hitherto undefined species. Therefore, we conclude that these eight isolates represent a single novel species within the genus Enterobacter, for which we propose the name Enterobacter bugandensis sp. nov.
Description of Enterobacter bugandensis sp. nov.
Enterobacter bugandensis (bu.gand.en9sis. N.L. masc. n. bugandensis referring to Bugando Medical Center in Mwanza, Tanzania, from where the type strain originated).
Cells are Gram-stain-negative, 0.5|2-3 mm in size, rodshaped, occur singly and are facultatively anaerobic, capsule-forming and highly motile. After growth for 24 h at 37 uC, white, circular, elevated, smooth colonies are formed on Luria-Bertani agar. The optimum growth temperature is 37 uC and no growth is observed above 45 uC. The organism is able to grow in 90 % (v/v) serum and can tolerate up to 9 % (w/v) NaCl in nutrient broth (Mshana et al., 2011) . Ferments D-glucose, D-mannitol, inositol, D-sorbitol, L-rhamnose, sucrose, melibiose and L-arabinose but not amygdalin. Exhibits b-galactosidase, arginine dihydrolase and ornithine decarboxylase activities and is deficient for the production of urease, gelatinase, tryptophan deaminase and lysine decarboxylase. Can utilize citrate as a carbon source and does not produce H 2 S. Negative for indole and the Voges-Proskauer reactions. Catalase-positive and oxidase-negative. A comprehensive list of the biochemical properties is presented in Table S6 .
The type strain, EB-247 T (5DSM 29888 T 5NCCB 100573 T ), was isolated from a blood sample of a neonate in Mwanza, Tanzania. The G+C content of the type strain is 56 mol% (determined in silico based on the genome sequence). The type strain harbours a single IncHI2 plasmid *300 kb in size, which harbours the CTX-M-15 resistance gene. T is resistant to ampicillin, amoxicillin/clavulanic acid, piperacillin/sulbactam, piperacillin-tazobactam, cefalotin, cefuroxime, cefuroxime-Axetil, cefoxitin, cefpodoxim, cefotaxim, ceftazidim, gentamicin, tobramicin, ciprofloxacin, norfloxacin, tetracyclin and trimethoprim/sulphamethoxazol, but sensitive to imipenem, meropenem and nitrofurantoin.
